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I'iirveirtion a pour otjet xm '^oo&&6 et txh diepoBitif 
d*^q3iili"brage d'xme pi^ce articul^e aatour d*un centre d'oBCilla- 
tion. et entrain^ en rotation airtour d'un aie passant par le centre 
d' oscillation. 

5 invent ion s' applique en particmlier a 1» ^qxdlibrage de 

B^canisEies k plateau oscillant tel que celui d^crit dans la demande' 
de brevet frangaiB 75-59888 d^pos^ le 9 novembre 1975 par la mfaie 
Soci^te* 

Le m^canisme decrit ^pT^g cette demande de brevet e^appli- 
10 que sp^cialement a un entralneinent de x>ompe8 a pistons axi a ux au 
moyen d'un plateau oblique toumant autour d'un centre d'osciUa*- 
tion par I'intermediaire d'tme articulation k cardan, Le plateau 
oscillant est entraine en rotation par un j&aneton dirtg^ saivant 
l^axe passant par le centre de gravlte du plateau et le centre 
15 d' oscillation et articul^ sur une roue entrain^e en rotatltm autour 
de I'axe de rotation, 

Dans la m6me demaxide de brevet, on decrit lui moyen de 
commande du d^bit de la pompe par d^placement radial de 1* articula- 
tion du maneton srur la roue d ' entralnemenl;, ce deplacement comman- 
20 dant une variation de I'inclinaison de I'as^ du maneton par rapport 
h I'aze de rotation. 

Dans de teHes pompes, le plateau oscillant toxnme k une 
Vitesse assez impoi^antef et il est ^videnanent mSceBsaire de 1*6— 
quilibrer* 

25 L'^quilibrage dynsmique est difficile h r^aliser da fait 

du r^glage du ddbit qui se tradult par une vaariation de I'incli- 
naison de I'axe du plateau. 

L'invention a pour objet un nouveau proc6d6 d* Equilibrate 
et un dispositif pour la mise en oeuvre de ce procedS, perxDettant 

50 de realiser I'^quilibra^ quelle que soit 1 » inclinaison du maneton. 

Conformement k I'inv^ention, on dispose sur la roue d^en- 
trainement deux masses d' Equilibrate dEplacables radialement et 
dont les centres de gx'avitE sent places du cQti opposE k l^axe du 
maneton par rapport k I'axe de rotation dans le plan passant par 

55 les dits axes, et I'on comnande dee deplacCTients radiaux different s 
des deux masses d • equilibrage en fonction de 1 ' inclinaison de l*axe 
du maneton ppx rapport k I'ax de rotation, de tell sorte que la 
resultante des forces centrifuges exercE s sur les deux maeses 
constitue un balourd d' intensity et de position variables suscep- 

40 tible d'Equilibrer le balourd exercE par la pifec toumante pour 
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chaque inclinaison de C£?lle-ci, 

X' invention va maintenant Stre decrite en ee referent k 
un mode de realisation particulier d'un dispositif pour la jnise en 
oeuvre du precede selon 1' invention, donn^ a titre d^ezemple et * 
5 reprdsent^ sur les dessins aonez^s. 

La figure 1 est tme vue partielle du 2D^canleia6 d'entral- 
nenent d'lme pompe k pistons exiavxm 

Iia figure 2 et la figure 3 sont des sch&iae iUuetrant 
le proc^d^ d' equilibrate. 
10 la figure 4 est une vue en perspective du dispositif 

d ' equilibrage ♦ 

la figure 5 est une vue en bout du dispositif d'^quili- 

brage. 

la figure 6 est une vue en coupe suivant VI-VI, figure 5, 

15 Sur la figure 1 ^ on a repr^sent^ le mdcanisme d'entral- 

nement d'une ppmpe a pistons axLaux comportant, k I'int^rieur d^un 
carter 1, une pluralit^s de pistons 2 parall&les k un axe 3 at 
repartis r^gulierement autour de ce dernier, la figure ne montrant 
en coupe que I'un des pistons 2. les pistons sont relive par des 

20 bielles 4 articul^es k leurs extr^mit^s k un plateau oblique 5 mon- 
te oscillant autour d'un centre d* oscillation 6. Dans le mode de 
realisation represent ^, le plateau 5 est mont^ touriHonnant autour 
d'un axe 51 sur une traverse 52 tourillunnant eUe-^nfime sur le car- 
ter 1 autour de touriilons 53 d^axes perpendiculaires k l^axe de 

25 rotation 3 et I'axe 51 de tourillonnement du plateau, I'ensemble 
constituant une articxilation h cardan, on volt bien que le plateau 
5 peut osciller dans toutes les directions autour du centre 6, 
point de rencontre des axes de tourillonneiaent 51 et 55. 

j)' autre part, le plcteau est muni, du cdt6 opposiS aa 

30 piston 2,* d*un prolongement 54 qui se termine par un maneton 55 
dont I'axe passe par le centre d*oscillation 6 et est perpendicu- 
laire aux axes de tourillonnement 51 et 53 • De pref^rende, le cen- 
tre de gravite de 1* ensemble est place sur I'axe 550 du maneton. 

le maneton est relie par I'interm^diaire d'une articula- 

35 tion a rotule 57, a une roue 7 centree sur I'axe de rotation 3 et 
entrainee en rotation autour du dit axe. Pour lib^rer la partie 
centrale de la roue, celle-ci est guld^e le long de sa circonfdren- 
ce, dans 1* extremity 10 du carter 1, par, deux rotJ-ements k rouleaux 
coniques 71 . 
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rotxil s 57 dxi maneton est montd but mix couliseeau 72 guid^ dans ume 
glissifere 73 m^nag^e dans la partie central de la roue 7 et dont 
I'axe passe pax le centre de la roue 7 eitu6 sur I'axe de rotation 
3, Le coulisseau72 est reli^ d'autre part k I'eirtrdmit^ de la tige 

5 d'"un petit v^rin hydraulique mont^ sur l|i roue dans l"axe de cou- 
lissement, et alimente par un dispositif d'asservissement de position 
8, par l^intenn^dlaire d*un distributeur tourtiant, ce qui peroiet de 
r^gler, pendent la rotation de la roue, la position radiale du cou- 
lisseau72, et ainsi I'inclinaison A de I'axe du maneton 550 par 

10 rapport k I'axe de rotation 3« 

Oomme on I'a indiqu^ dans la demande pr^c^dente d^jk ci^ 
tee, 1» ensemble qui vient d'Stre decrit permet de faire varier facl- 
lement et en marche le d^bit de la pompe puisque I'on peut r^gler 
I'inclinaison du plateau 5 de pouss^e des pistons et ainsi la oourse 

15 de ceux-ci« 

Bien entendu, toutes les pieces mobiles seront ^quilibrfce 
dans la mesure du possible, et c'est nlnpi que le centre de gravity 
du plateau oscillant se trouvera normalement sur l*aze 550 du mane- 
ton. L'^quilibrage de la roue d*entraineinent 7 prdsente un peu plus • 

20 de difficult^ dans la mesure oil le piston de coimnande du d^placemmt 
du coTiliflseau a une position radiale variable • 

On pourra done 6tre oblig^ de tenir compte du balourd 
propre &. la roue. Dependant , le baloxird le pluB important vient 4vi- 
demmant de la reaction du manetoai la roue d*entralnement. Sur • 

25 la figure 2, on a represent ^ soJi^matiquement 1/axe de rotation 3f 
le maneton 55 et son axe 550 passant par le centre d* oscillation 0 
et sur lequel se trouve le centre de gravity G du plateau 0Bclll':nt • 
de masse M. Si d est la distance OQ du centre de gravity au centre 
d' oscillation, la balourd provenant de la rotation du plateau oscil- 

30 lant a pour valeur : Md sin A« 

les Equations d'^quiiibre montrent que le balourd d'^qui- 
librage doit se trouver dans le plan P^perpendiculaire k l*Bxe de 
rotation 3 et passant par le point d' intersection D de I'axe 3 avec 
la perpendiculaire k I'axe 550 ^lev^edepuis le centre de I'articula- 

35 tion du maneton 55 sur la roue 7f Diliabitude, on ^quilibre une masse 
tournante avec deux balourds se d^plagant dans deux plans d'^quili- 
brage. L'une des caract^ristiques de 1' invention consiste pr^cis^- 
ment k nft^tiliser qu'un eeul plandd'6quilibrage,en positionnant 
le centre d gravity G du plateau oscillant de telle maniere que lea 

4X) reaction dynamiques au centre 0 d'osciHatloB soient nulles. 
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On volt que si I'on utilise une mass d • dquillbrag de -va- 
Icur K^t celle-d devra Hr placee dans 1 plaa d ' ^qullltrage t 
dans le plan passant par l»axe 5 et I'axe 55P, k une distance radla- 
le Be de I'aze 3 telle que : 
5 Mg =. Md sin A 

II est bien Evident que le balourd depend de I'lnclinaisoa 
A du plateau oscillant. Conme on ne peut pas faire varlep la masse ' 
d'^qulllbrage i^; on fera varier sa position de telle sorte que le 
rayon de giration du centre de grayit^ soit ^gal hi 
10 K = ■ ^ 

He 

Cependant, compte tenu de ce qui pr^c^de« on voit qu'il fau- 
dra ^galement faire varier la position du plan d'^quilibra^ 
c'est h dire la distance e entre le plan et le plan de la roue 7. 

15 Selon I'lnrention, la variation du plan d*^qulllbrage est 

obtenue par I'utilisatlon de deux masses d'dquilibrage plac^ee k 
des distances radiales diff^rentes de I'aze 3. 

Pour plus de commodity, chaque nasae d • ^quilibrage sera cons- 
titute de deux naseelottes assujettiee h toumer eymttriquement au- 

20 tour de I'axe 3 de telle sorte que leur centre de grarit^ reste k 
une distance eonstante de I'axe. De la sorte, comme repr^sent^ aur 
la figure3, si on appelle gg les centres de gravity des Baseelot- 
tes, m2 dtcrivant ainsi un/cercfe le rayon r autour du centre de 
la roue, on voit que les deux maeselottes nig sent tqulTOlentee k 

25 une masse unique de -sraleur 2 m placte k une distance B du centre de 
rotation ^gale k la projection de r eur I'axe de symttrie. 

Ainsi, en faieant toumer Bymttriquement deux masselottea 
autour du centre de la roue, on peut produlre un balourd de Taleup 
variable dans le plan perpendiculaire k I'axe de rotation et passant 

30 par les centres de gravity des deux masses. 

Selon une caract^ristique de 1» Invention, pour produlre un 
balourd non seulement de valeiir variable, aais dans un plan d'^qul- 
librage de position variable le long de I'axe, on utilise deux ba- 
lourds placle de part et d' autre du plan de 3ja roue et que I'oa ap- 

35 pelera B et B« . Conme on le voit but la figure 2, les deux balourde 
B et B« sent pladts dans des plans d • ^quilibrage P, P« qui se trou- 
vent I'un, P, entre le centre d* oscillation 0 et le plan Pp de la rou 
et I'autre, P» , de I'autre ctU du plan P^. d la roue. La position 
des plans d ' ^ qulllbrage P et P* depend des conditions dans lesquel- 

40 les on peut placer les masaelottes sur .la rou , mais cependant ./.. 
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le plan P' de-rra 8tre plac^ k ime dlstanc du plan d la roue 
sup^rieure k la valeur macLEale d la distanc e entre le plan 
de la roue et le plan theoriaue d'^qmlibrage I'inclinaison 
maxiinale du plateau oscillant. 
5 II sera possible, en faisant varier les valeurs des balourds 

. B et B' , tie s' arranger pour cue la r^gultante se trouve dans le 
plan thdoricue d' ^quilibrage Pg . 

Sur les figures 4, 5 et 6, on a repr^sent^ k titre d'exem- 
ple im dispositif pennettant d'obtenir ce resultat. 

On a d^jk indiqu^ que la roue 7 ©st gviid^e et entralnee par 
sa p^riph^rie, ce q\ii permet de lib^rer entiferemeut la partie cen- 
trale dans laquelle se trouvent essentiellement le coulisseau 72 de 
support de 1' articulation du maneton et le v^ria 73de d^placement 

du coulisseau. 

la roue 7 eat munie dane son plan ^qiiatorial d'un voile 
75 dans la partie dentrale duo el est aiaa:;6e une ouvertiare radiale 
750 a I' int^rieur de laquelle pent se d^placer le coulisseau. Lee 
guides 73 du coulisseau sont places le long des cfit^s de I'ouverture 
750, paralleles k I'rjce 720 de d€placemeat du coiiliBBeau. De part 
20 et d' autre de la cloison 75, sont plac^es deux paires de masselottes 
8 et 6' . Ghaque paire se co;ipose de deux masselottes guidies ^ 
syifletriqueiaent de pai-t et d'autre de I'axe 720 le long de gliasiferea 
circulrires centrees sur I'aie de rotation 3. Comme on le voit plus 
en detail sxir la figure 6, chaque masselotte 8 est guidde entre une 
25 glissiere Int^rieure 76 ayant la forme d'un secteur circulaire 
solid£iire de la glissiere correspondante 73 du coulisseau et une 
glissibre exterieure 77 fixee sur une nervure solidaire de la peri- 
pheric de la roue 7. Chaque masselotte 6 est pourvae de conges s'i- 
daptant aux deux glissisres et s'appuie d'autre part sur une. nervur« 

50 circulaire 741 menag^e sur la parol 75 . Ainsi, chaque masselotte 
pent 8tre deplacee le long des glissiferes 7? et 76, son centre de 
gravity restant b. une distante constants de I'axe 3 dans un plan 
perpendiculaire audit axe. 

Les glissiere s circulaires sontplac^es de telle sorte que 

35 ICS masselottes puissent se rapprocher le plus possible de I'axe ^ 
720, comine on I'a reprisent^ sur la pf»rtie droits de la figure 5, 
et s'ecarter dudit axe jusqu'k ce que lexir centre de gravity vienn 
dcL-is le plan radial perpendiculaire k I'ax 720, dans la position 
representee sur la partie gauche de la figure 5. On voit bien ou'- 

40 ainsi, le balourd resultant de 1* act ion des deux masselottes ^arie 
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entre une valeur nulle et une valeur masinale. Selon la forme et 1 
polds donn^e euz oasselottee , on peut choisir lee plans P et P« 
d'^quillbrage et les valeurs maxi males des balotirds. 

Sur la figure 2, on a repr^eent^ lee plane P et P* dans 
5 lesquelB sont prodults lee balourds B et B« . Ceur-ci Be trouvent 
respectivement h. dee distances a et b du plan de la roue dans le- 
quel s'eierce eventuellement le balourd propre B de la roue. Si • 
I'on pread comme r^f^rence I'axe Oz perpendieulaire k I'axe de ro- 
tation 3 et passant par le centre de 1' articulation du maneton, 
10 1' Equation de projection sur I'axe Oz doane : 

(3) B« + B = Bg + By 

Be ^tant le balourd d'^quillbrage qui doit gtre produit daas le plan 
th^orique P^. 

I' Equation de moment par rapport au centre 0 nous donae t 

(4) a B' - b B = e 

e 

On en tire lee valeurs qu'il faut donnep au balourd ppo- 
duit par les masselottes : 



15 



20 



(5) B« » Ce + b) + b et 

a + b 

(6) B - Be + Bp - B» 



Par ailleurs, si on appelle 1 la dlstaace 00 entre le 
ceatre d « oscillation et le centre de la roue, on peut ^crire x 
(7) e = Itg^A. 

Pour toute valeur de I'inclinalson A du plateau osolllaat 
25 la relation (1) donne B^ = = Kd sin A. St l»on s'est fix^ k 

I'avanoe lea distances a et b des plans d • Equilibrate P et P« par 
rapport au plan de la roue, les relations 5 et 6 pemetteat de 
calculer les balourds ext^rieur et int^rieur B' et B, 

Si m et m« sont lea masses des masselottes d'^qulllbrage, 
30 r et r» les rayoas de glratioa des centres de gravity des masselot- 
tes, E et B' les projections sur I'axe 720 des positions dee centres 
des masselottes, et I I'iaclinaison par rapport k l»aie 720 des rayons 
passant par les centres de gravity, sachaat que ; 
B =.2m R =s 2m r cos L et i 
55 B'b 2m'R» = 2m« r' cos L, 

11 est facile de d^dulre des valeurs des balourds B et B» calcul^es 
prdcldemment, I'angl I en fonction d 1« angle A. 

II suffit alors de mettre au point un syatfeme m^canique 
par lequel la position angulaire des masselottes sera li^e k la po- 
40 sition radiale du coulisseau 72 de telle sorts qu'k chaque valeur 
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de A correspcnde la valeur deeir^e d L. H ne e'a^it alors que d'un 
pro-bleme de choir d'un mdcanlsme qui peut 8tre r^eolu plus.ou moins 
empiriquement • 

On a trouvg que le dispoeitif mdcanique repr^eent^ k 

5 titre d'exemple sur le figures ..permett ait d'obtenir cette variation 
de I'inclinaison des masselottes» 

Comme on i'a repr^sent^ sur les figures 4f 5 et 5, ce 
dispositif mecanique se compoae eesentiellement, pour chaque paire 
ds ©asselottes d*tme paire de cr^fniallUres 91 1 articul^es but. le 

10 coulisseau autour d'aiee parallfeles ^ I'axe de rotation, et s^^ten- 
dant sym^triquement de part et d« autre de I'axe 720. Chaque cr6- 
maillfere est assujettie au moyen d'un etrier 92 it engrener sur un 
pignon 93 mont4 rotatif but la parol 75 autour d'un pivot excentr^ 
94, Les cr^mailleres 92 sont eUes-memes solidaires en rotation 

15 des pignons excentrds 93i 

Sur chaque pivot 94 est centr* \m pignon 95 qui engrfene 
sur un secteur dentd 85 solidaire de la masselotte 8 et centra eur 

I'axe de rotation 5« 

Ainsi, le d^placement du coulisseau 72 au moyen du vSrin 

20 73 entralne, par l^interm^diaire des cr^itoillferes 91 1 la rotation 
des pignons excentr^s 93 et par consequent des pignons 95, ceux-ci 
conLrAndiiZit h leur tour la rot.?.tion des maeselottes autour de I'sxe 
3 puisque leurs pivots 94 sont fixes par rapport h la roue. Compte 
tenu de 1 • excentrement des pignons 93 et du rapport de d&irultipli- 

.25 cation entre lea pignons 95 et les secteurB 85, on voit que le 
d^placement du coulisseau, c'eet k dire la variation de I'angle A 
entralne una variation irr^fe-uliere de 1' angle 1. 

On voit cu'll est posaihle de mettre le tout en Equation, 
et, en faisant varier certains paramfetres dans les limitee permlseB 

30 par les considerations mecanicues de construction (encombrement, 
resistance etc ...) on peut trouver, par exemple au moyen d»un 
calculateur, la solution optlmale permettant de auivre au mieux la 
variation theorique de L en fonction de A ^tahlie conmiB indiqu6 
precddemment • 

55 Bien entendu, pour simplifier les calculs, on pourralt ne 

pas tenir compte du halourd de la roite venant de la variation du 
piston de coinmande du coulisseau, et equilibrer la roue une foie 
pour toutes# 

Inversement, pour obtenir un result at plus exact, on 
40 pourrait tenir compte dans le balourd de la roue de l^h^t^ro cinetleme 
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de I'axticulation a cardan par I'intenuddiaire de laquell 
le plateau est mont6 oscillant et qui necessite des balourds secon- 
daires, Cependant, on consid^rera general ement cet effet coinme n^- 
gligeable devant le balourd principal • 

D* autre part, le systeme m^canique de variation de 1' angle 
L en fonction de la position du maneton n'a et^ donne ^videiment 
qxi*^ titre indioatif, et on pourrait imaginer d'autres syst^mes 
qui ne seraient d'ailleurs pas obligatoiresieiit adcaniques, mais 
par exemple hydrauliques. 
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EEVENDICATIOira ^ 
1, - Procdd^ d'^qulllbrage d'une pifece articulee ant our 
d'mi centre d^oscillation et eiitrain^e en rotation autour d'un axe 
passant par le centre d' csclll atlon par 1' intevi!ied±cd.re d*\m maneton 
dirig^ siiivant I'axe passant par le centre de gravita de la pifece 
5 et le centre d' oscillation et reli^ h une roue d'entrainenent 

touni^t auuour de I'aie de rotation, par l^intermediaire d'une ar- 
ticulation deplagable radirslement sur la roue, le deplacement radial 
de 1* articulation commaiidant une variation de I'inclinaison de I'axe 
du maneton par rapport a I'axe de rotation, carecterie^ par le fait 
10 ^^i^e l^on dispose sur Xc rove d'entralnement deux masses d'^q ull I bra- 
ge ddplagebles radialenent et dont les centres de gravity sont pla- 
ces du c6t^ oppos^ a I'axe du maneton par rapport I'axe de ro ;ation, 
dans le plan passrjit par lesdits axes, et que I'on determine dee 
^cartements raddaux different s des deox masses d'^quilibrage en 
15 fonction de l*inclinaison de I'axe du maneton par rapport k Vaxe de 
rotation de telle sorte que la resultants des forces centrifuges 
exerc^es par les deux masses constitue un balourd ^"intensit^ et de 
position vari^ibles, susceptible d « ^quilibrer le balourd exerc6 par 
la piece tournriiite pour chacue inclinaison de celle-ci. 
2Q 2. - Procdde d'^qullibra/ve selon la revendication 1, 

ccracteris^ pai* le fait aue 1& position des centres de gravity des 
masses d » eouilibrage est regime pour chaoue incllntiison de I'axe 
du mcneton de telle sorte que la r^sultante des forces centrifuges 
exercees stir les deux rac.sses passe par le point d' intersection avec 
25 l*axe de rotation de Ic perpendiculaire a I'axe du noneton pr.ssant 
par le centre de 1' articulation du maneton sur la roue. 

3. - Dispbsitif d'^quuilibrage d'une piece articulee 
autour d'un centre d'oscillation et portant un maneton centre sur 
I'axe passant p.?r le centre de gi^avite de la piece et pnr le centre 
50 d'occillation ledit msneton ^t:int articvl^ sur une roue entrain^e 
en rotation autoxir d'un axe passant par le centre d" oscillation et 
muiiie d'uji moyen de variation de 1* inclinaison de la pibce pex rapport 
k I'axe de rotation par deplacement radial de 1' articulation du 
maneton sur la roue d'entrainement, ccracteris6 par le fait qu'il 
35 comprend deux laasses d' equilibra^xe solidaires en rotation de la roue 
d'entra-inement et dont les centres d ^ravite sont places de I'autre 
c8te du m-:.neton par rapport k I'axe de rotation dans le plan passant 
par lesdits axes, et k des distances diff^rentes du centre d'oscil- 
40 1st ion, et un moyen de cosmiande d' ^carteoents radiaux different s 
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des centreis de gravite des deux laasses par rapport k ^'axe d rota- 
tion en fcnction de 1 ' inclinaison de I'axe. 

4. - rispositif d'eqxiilibrage d'une pioce articul^e selon 
la revendication 5, caracterise ;oar le fnit cue ckacu© masse d*equi- 

5 lierase est conctituee par deux masselottes solidaires en rotation 
de la roue d ' entraineiaent et dent leo centres de Gravity sont 
diplagables symetriquement pnr rotation autour de l*axe de rotation 
de la roue de port et d* autre du plan passant par l*axe de rotation 
et I'axe du lacneton et que le moyen de commande defl ^cartementa 

10 radia-ux des masses d'^quilitoa^e determine, pour chaque masse d'6- 
quilibrage, des rotations symetriques des masselottes correspondan- 
tes autour de I'axe de ro -ation. 

5. - Dispositif d'^quilibra^e d'une piece articul^e, 
selon la revendication 4» dans laquelle 1^ articulation du maneton 

15 est raontee sur une piece coulissable radialement sur la roue, 
caracterise par le fait que le noyen de cohmande des ^cartementB 
radiaux du centre de gravlte de chaque masse d • ^quilibrage comprend, 
pour cltaque masselotte, une cr^maill^re mont^e pivotante sur la 
piece coulissable et en rpise aven "un premier pignon dent^ toumant 

20 autour d'un axe excentr^ sur lequel est centre et cal^ un second 
pii^on engrenant sur un secteur dent^ nenag6 sur la masselotte et 
centre sur I'axe de rotation, chaque masselotte etanjr ^uidee le 
lon^r d'une glissiere circulrire menagde sur la roue et centree sur 
I'axe de rotation^ 
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This invention concerns a process and a device for balancing a part that pivots 
around a center of oscillation, rotationally driven around an axis passing through the 
center of oscillation. 

In particular, the invention is applicable to the balancing of swash plate 
mechanisms such as the one described in ^fnthlPatem yVpplica^ filed on 

November 9, 1973 by the same company. 

The mechanism described in that patent application is especially applicable to an 
axial piston pump driven by means of a diagonal plate turning around a center of 
oscillation through the intermediary of a ugiv.ersal jom^ The swash plate is rotationally 
driven by a crank pin running along the axis passing through the center of gravity of the 
plate and the center of oscillation, and pivoting around a wheel rotationally driven around 
the rotation axis. 

The same patent application describes a means of controlling the output of the 
pump by the radial movement of the articulation of the crank pin on the drive wheel, with 
said movement controlling a variation in the pitch of the axis of the crank pin relative to 
the center of rotation axis. 

In such pumps, the swash plate turns at a fairly high speed, and it is therefore 
necessary to balance it. 

Dynamic balancing is difficult to achieve due to the output regulation, which 
varies the pitch of the axis of the plate. 

The object of the invention is a n^ ^feaianpingpG^^^pj ci^^^ 
gmffl^?^^l^ ^^Sgs l|ha^r^|jl 

According to the invention, two radially movable balance weights are placed on 
the drive wheel, and their centers of gravity are placed on the side the axis of the crank 
pin opposite from the rotation axis, in the plane passing through said axes, and the 
different radial motions of the two balance weights are controlled according to the pitch 
of the axis of the crank pin relative to the rotation axis, such that the resultant of the 
centrifugal forces exerted on the two weights constitutes a coimterweight whose variable 
intensity and position are capable of balancing the counterweight exerted by the rotary 
part for every possible pitch. 

The invention will now be described with reference to a particular embodiment 
of a device for implementing the process according to the invention, provided as an 
example and illustrated in the attached drawings. 

Figure 1 is a partial view of the drive mechanism of an axial piston pump. 

Figure 2 and Figure 3 are diagrams illustrating the balancing process. 

Figure 4 is a perspective view of the balancing device. 
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Figure 5 is an end view of the balancing device. 
Figure 6 is a cross section along VI- VI from Figure 5. 
Figure 1 illustrates the drive mechanism of an axial piston pump comprising, 
inside a housing l,^^^g^g^^^S^5^l£Uekaa^2iS^ 
lSSSS'SSSffS*4'^i? iigure shows a cross section of only one of the pistons 2. The 
pistons are connected by connecting rods 4, articulated at their ends to a diagonal plate 5, 
oscillatably mounted around a center of oscillation 6. In the illustrated embodiment, the 
plate 5 is swivelably mounted round an axis 51 on a cross-member 52, itself swivelably 
mounted on the housing 1, around trunnions 53 whose axes are perpendicular to the 
rotation axis 3 and the trunnion axis 51 of the plate. Since this assembly constitutes a 
l aflii^eii^Ilej j^ it is clear that the plate 5 is able to oscillate in all directions around the 
center 6, the point where the trunnion axes 51 and 53 meet. 

Furthermore, on the side opposite the piston 1, the plate is equipped with an 
extension 54 that ends in a crank pin 55 whose axis passes through the center of 
oscillation 6 and is perpendicular to the trunnion axes 51 and 53. Preferably, the center of 
gravity of the assembly is placed on the axis 550 of the crank pin. 

The crank pin is connected, through the intermediary of a ball and socket joint 
57, to a wheel 7 centered on the rotation axis 3 and rotationally driven around said axis. 
To liberate the central part of the wheel, it is guided, along its circumference, in the end 
1 0 of the housing 1 , by two tapered roller bearings 71. 

As shown in Figures 4 and 5, the spherical bearing 57 of the crank pin is 
mounted on a sliding nut 72 guided in a guideway 73 in the central part of the wheel 7, 
whose axis passes through the center of the wheel 7 located on the rotation axis 3. 

As indicated in the aforementioned previous application, the assembly that has 
just been described makes it possible to easily vary the output of the pump while it is 
operating, since the pitch of the piston thrust plate 5, and thus its travel, can be adjusted. 

Of course, all mobile parts are balanced, to the extent possible, and, thus, the 
center of gravity of the oscillating plate is normally on the axis 550 of the crank pin. 
Balancing the drive wheel 7 is somewhat more difficult, inasmuch as the piston that 
controls the travel of the sliding nut has a radially variable position. 

Therefore, it may be necessary to take the counterweighting of the wheel itself 
into accoimt. However, the greatest counterweighting clearly comes from the reaction of 
the crank pin on the drive wheel. Figure 2 schematically illustrates the rotation axis 3, the 
crank pin 55 and its axis 550 passing through the center of oscillation 0, on which the 
center of gravity G of the oscillating plate with a mass M is located. If d is the distance 
OG from the center of gravity to the center of oscillation, the counterweighting from the 
rotation of the oscillating plate is equal to Hj sine A. 
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The balance equations show that the balancing counterweight should be in the 
plane Pe perpendicular to the rotation axis 3, passing through the point of intersection D 
of the axis 3, with the perpendicular to the axis 550 raised from the center of articulation 
of the crank pin 55 on the wheel 7. A turning weight is generally balanced with two 
counterweights traveling in two balancing planes. One of the characteristics of the 
invention consists precisely of using only one balancing plane, by positioning the center 
of gravity G of the oscillating plane such that the dynamic reactions at the center of 
oscillation O are nil. 

We see that, if we use a balancing weight with a value it should be placed in 
the balancing plane and in the plane passing through the axis 3 and the axis 550, at a 
radial distance R« from the axis 3, such that: 

Me Re = Md sine A 

It is clear that the counterweighting depends on the pitch A of the oscillating 

plate. Since the balancing weight Mc cannot be varied, its position is varied such that the 

radius of turn of the center of gravity is equal to: 

R. = M ^ sine A 
" Me 

However, in view of the foregoing, we see that it is also necessary to vary the 
position of the balancing plane i.e., the distance e between the plane Pe and the plane 
of the wheel 7. 

According to the invention, the variation of the balancing plane is achieved by 
using two balancing weights placed at different radial spacings from the axis 3. 

For greater convenience, each balancing weight is composed of two centrifugal 

weights affixed so as to turn symmetrically around the axis 3 such that their center of 

gravity remains at a constant distance from the axis. In that way, as illustrated in Figure 

3, if we call gi and g2 the centers of gravity of the centrifiigal weights, with mi and m2 
arc with 

thus describing an/ circle with a radius r around the center of the wheel, we see 

that the two centrifugal weights mi and m2 are equivalent to a single weight with a value 
of 2m placed at a distance R from the center of rotation equal to the projection of r on the 
axis of symmetry. 

Thus, by causing the two centrifugal weights to turn symmetrically around the 
center of the wheel, we can produce a counterweight with a variable value in the plane 
perpendicular to the rotation axis, passing through the centers of gravity of the two 
weights. 

According to one characteristic of the invention, to produce a counterweight not 
only with a variable value, but in a balancing plane with a variable position along the 
axis, we use two counterweights placed on either side of the plane of the wheel, which we 
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call B and B'. As illustrated in Figure 2, the two counterweights B and B* are placed in 
balancing planes P and F, one of which, P, is located between the center of oscillation 0 
and the plane P^ of the wheel, and the other, F, on the other side of the plane P^ of the 
wheel. The position of the balancing planes P and F depends on the conditions under 
which the centrifugal weights may be placed on the wheel. However, the plane P' must be 
placed at a distance from the plane P^ of the wheel that is greater than the maximum value 
of the distance e between the plane Pr of the wheel and the theoretical balancing plane Pe 
for the maximum pitch of the oscillating plate. 

By varying the values of the counterweights B and B', it is possible to arrange 
for the resultant to be located in the theoretical balancing plane Pe. 

Figures 4, 5, and 6 illustrate, as an example, a device that provides this result. 
We have aheady indicated that the wheel 7 is guided and driven by its 
periphery, which makes it possible to entirely liberate the central part where the sliding 
nut 72 supporting the hinge of the crank pin and the travel cylinder 73 of the sliding nut 
are essentially located. 

The wheel 7 is equipped, in its equatorial plane, with a disc 75 in whose central 
part a radial openmg 750 is pierced, within which the sliding nut can travel. The guides 
73 of the sliding nut are placed along the sides of the opening 750, parallel to the travel 
axis 720 of the sliding nut. On either side of the baffle 75, there are two pairs of 
centrifugal weights 8 and 8*. Each pair is composed of two centrifugal weights 
symmetrically guided on either side of the axis 720 along circular guideways centered on 
the rotation axis 3. As illustrated in greater detail in Figure 6, each centrifugal weight 8 is 
guided between an inner guideway 76 in the shape of a sector of a circle, which is 
integral with the corresponding guideway 73 of the sliding nut, and an outer guideway 77 
affixed to a bead that is integral with the periphery of the wheel 7. Each centrifugal 
weight 8 is equipped with fillets that adapt to the two guideways and rest also on a 
circular bead 741 on the wall 75. Thus, each centrifugal weight may be moved along the 
guideways 77 and 76, with its center of gravity remaining at a constant distance from the 
axis 3 ui a plane perpendicular to said axis. 

The circular guideways are placed such that the centrifugal weights may come 
as close as possible to the axis 720, as illustrated at the right m Figure 5, and may move 
away from said axis until their center of gravity comes into the radial plane perpendicular 
to the axis 720, in the position illustrated at the left in Figure 5. Thus, we see that the 
counterweight resulting from the action of the two centrifugal weights varies between a 
nil value and a maximum value. Depending on the shape and mass of the centrifugal 
weights, we may chose the balancing planes P and F and the maximal values of the 
counterweights. 
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Figure 2 illustrates the planes P and in which the counterweights B and B* are 
produced. These are located, respectively, at distances a and b from the plane of the 
wheel in which the counterbalance Br of the wheel itself may be located. If we take as a 
reference the axis Oz perpendicular to the rotation axis 3, passing through the center of 
articulation of the crank pin, the equation for the projection on the axis Oz gives: 

(3) B' + B - Be + Br 

Be being the balancing counterweight that must be produced in the theoretical plane P^. 
The equation for the momentum relative to the center 0 gives: 

(4) aB'-bB = eBe 

From this, we derive the values that must be used for the counterweight 
produced by the centrifugal weights: 

(5) B' = re+ b^ B> + bB^ 

a + b 

and: (6)B = Be + Br-B' 

Furthermore, if we call 1 the distance OC between the center of oscillation and 

the center of the wheel, we may write: 

(7)e = ltg'A 

For any pitch value A of the oscillating plate, the relationship (1) gives Be = Me 
Re = Md sine A. If we determine in advance the distances a and b of the balancing planes 
P and F relative to the plane of the wheel, relationships 5 and 6 make it possible to 
calculate the outer and inner counterweights B' and B. 

If m and m' are the masses of the balancing centrifugal weights, r and r' the radii 
of turn of the centers of gravity of the centrifugal weights, R and R' the projections on the 
axis 720 of the positions of the centers of the centrifugal weights, and L the pitch relative 
to the axis 720 of the radii passing through the centers of gravity, where: 

B = 2m R = 2m r cos L 
and: B' = 2m' R* = 2m' r* cos L, 

it is easy to deduce from the previously calculated values of the counterweights B and B* 
the angle L as a function of the angle A. 

Then, it is sufficient to develop a mechanical system whereby the angular 
position of the centrifugal weights is linked to the radial position of the sliding nut 72 
such that the desired value L corresponds to each value of A. Then, there is only the 
problem of choosing a mechanism, which can be determined more or less empirically. 

We have found that the mechanical device illustrated as an example in the 
figures made it possible to achieve this variation in the pitch of the centrifugal weights. 

As illustrated in Figures 4, 5, and 6, for each pair of centrifugal weights, this 
mechanical device is essentially composed of a pair of racks 91, articulated around the 
sliding nut around axes parallel to the rotation axis, running symmetrically along either 
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side of the axis 720. Each rack is affixed, by means of a U bolt 92 that meshes with a 
pinion 93 rotationally mounted on the wall 75 around an off-center pivot 94. The racks 92 
themselves are rotationally integral with the off-center pivots 93. 

On each pivot 94 is centered a pinion 95 that meshes with a toothed sector that is 
uitegral with the centrifugal weight 8 and centered on the rotation axis 3. 

Thus, the travel of the sliding nut 72 by means of the cylinder 73 drives, through 
the intermediary of the racks 91, the rotation of the off-center pivots 93 and as a result the 
pivots 95, which in turn control the rotation of the centrifugal weights around the axis 3, 
since their pivots 94 are stationary relative to the wheel. In view of the off-centering of 
the pinions 93 and the gear ratio between the pinions 95 and the sectors 85, we see that 
the travel of the sliding nut, i.e., the variation of the angle A, results in an irregular 
variation in the angle L. 

We see that it is possible to set up equations for everything and, by varying 
certain parameters within the limits allowed by the mechanical construction 
considerations (dimensions, strength, etc.), we can find, using a computer for example, 
the optimal solution for best following the theoretical variation in L as a function of A, 
established as indicated above. 

Of course, to simplify the calculations, it is possible to not take into account the 
counterweighting of the wheel due to the variation in the control piston of the sliding nut, 
and to balance the wheel once and for all. 

Conversely, to achieve the most accurate results, it is possible to take into 
account the counterweighting of the wheel due to the non-colinear niotion of the 
universal joint through the intermediary of which the plate is oscillatingly mounted, 
which requires secondary counterweights. However, this effect may be generally 
considered negligible relative to the primary counterweight. 

Furthermore, the mechanical system for varying the angle L as a function of the 
position of the crank pin is provided solely for information and it is possible to imagine 
other systems that are not necessarily mechanical, but rather hydraulic, for example. 
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CLAIMS 

1 . Process for balancing a rotary part articulated around a center of oscillation 
and rotationally driven around an axis passing through the center of oscillation through 
the intermediary of a crank pin running along the axis passing through the center of 
gravity of the part and the center of oscillation and connected to a drive wheel turning 
around the rotation axis, through the intermediary of a radially movable articulation on 
the wheel controlling the variation of the pitch of the axis of the crank pin relative to the 
rotation axis, wherein, placed on the drive wheel, are two radially movable balancing 
weights whose centers of gravity are placed on the side of the axis of the crank pin 
opposite from the rotation axis, in the plan passing through said axes, and wherein the 
different radial spacings of the two balancing weights are determined by the pitch of the 
axis of the crank pin relative to the rotation axis, such that the resultant of the centrifugal 
forces exerted by the two weights constitutes a counterweight with variable intensity and 
position, capable of balancing the counterweighting exerted by the turning part for every 
possible pitch. 

2. Balancing process according to Claim 1, wherein the position of the centers of 
gravity of the balancing weights is adjusted for every possible pitch of the crank pin axis, 
such that the resultant of the centrifugal forces exerted on the two weights passes through 
the point of intersection with the rotation axis of the perpendicular to the axis of the crank 
pin passing through the center of articulation of the crank pin on the wheel. 

3. Device for balancing an articulated part around a center of oscillation bearing 
a crank pin centered on the axis passing through the center of gravity of the part and 
through the center of oscillation, said part articulating on a wheel driven rotationally 
around an axis passing through the center of oscillation and equipped with a means of 
varying the pitch of the part relative to the rotation axis by radial motion of the 
articulation of the crank pin on the drive wheel, wherein said device comprises two 
balancing weights rotationally integrated with the drive wheel, whose centers of gravity 
are placed on the side of the crank pin opposite the rotation axis in the plane passing 
through said axes, at different distances from the center of oscillation, and a means of 
controlling different radial spacings of the centers of gravity of the two weights from the 
rotation axis depending on the pitch of the axis. 

4. Device for balancing an articulated part according to Claim 3, wherein each 
balancing weight is composed of two centrifugal weights rotationally integral with the 
drive wheel, whose centers of gravity are symmetrically movable by rotating around the 
rotation axis of a wheel on either side of the plane passing through the rotation axis and 
the axis of the crank pin, and wherein the means of controlling the radial spacings of the 
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balancing weights determines, for each balancing weight, the symmetrical rotations of the 
corresponding centrifugal weights around the rotation axis 

5. Device for balancing an articulated part according to Claim 4, in which the 
articulation of the crank pin is mounted on a part that is radially slidable on the wheel, 
wherein the means of controlling the radial spacings of the center of gravity of each 
balancing weight comprises, for each centrifugal weight, a rack pivotably mounted on the 
slidable part that [words unintelligible due to typographical errors] with a first toothed 
pinion turning around an off-center axis on which a second pinion is centered and 
affixed, meshing with a toothed sector on the centrifugal weight and centered on the 
rotation axis, each centrifugal weight being guided along a circular guideway on the 
wheel and centered on the rotation axis. 



[see original for Figures 1-6] 
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This invention concerns a process and a device for balancing a part that pivots 
around a center of oscillation, rotationally driven around an axis passing through the 
center of oscillation. 

In particular, the invention is applicable to the balancing of swash plate 
mechanisms such as the one described in French Patent AppHcation 73-39888 filed on 
November 9, 1973 by the same company. 

The mechanism described in that patent application is especially applicable to an 
axial piston pump driven by means of a diagonal plate turning around a center of 
oscillation through the intermediary of a universal joint. The swash plate is rotationally 
driven by a crank pin running along the axis passing through the center of gravity of the 
plate and the center of oscillation, and pivoting around a wheel rotationally driven around 
the rotation axis. 

The same patent application describes a means of controlling the output of the 
punq) by the radial movement of the articulation of the crank pin on the drive wheel, with 
said movement controlling a variation in the pitch of the axis of the crank pin relative to 
the center of rotation axis. 

In such pumps, the swash plate tums at a fairly high speed, and it is therefore 
necessary to balance it. 

Dynamic balancing is difficult to achieve due to the output regulation, which 
varies the pitch of the axis of the plate. 

The object of the invention is a new balancing process and a device to 
implement this process that enables balancing regardless of the pitch of the crank pin. 

According to the invention, two radially movable balance weights are placed on 
the drive wheel, and their centers of gravity are placed on the side the axis of the crank 
pin opposite from the rotation axis, in the plane passing through said axes, and the 
different radial motions of the two balance weights are controlled according to the pitch 
of the axis of the crank pin relative to the rotation axis, such that the resultant of the 
centrifugal forces exerted on the two weights constitutes a counterweight whose variable 
intensity and position are capable of balancmg the counterweight exerted by the rotary 
part for every possible pitch. 

The invention will now be described with reference to a particular embodiment 
of a device for implementing the process according to the invention, provided as an 
exan^le and illustrated in the attached drawings. 

Figure 1 is a partial view of the drive mechanism of an axial piston pun^. 

Figure 2 and Figure 3 are diagrams illustrating the balancing process. 

Figure 4 is a perspective view of the balancing device. 
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Figure 5 is an end view of the balancing device. 
Figure 6 is a cross section along VI- VI from Figure 5. 
Figure 1 illustrates the drive mechanism of an axial piston punp conq)rising, 
inside a housing 1, a plurality of pistons 2 parallel to an axis 3, and evenly distributed 
around the latter. This figure shows a cross section of only one of the pistons 2. The 
pistons are connected by connecting rods 4, articulated at their ends to a diagonal plate 5, 
oscillatably mounted around a center of oscillation 6. In the illustrated embodiment, the 
plate 5 is swivelably mounted round an axis 51 on a cross-member 52, itself swivelably 
mounted on the housing 1, around trunnions 53 whose axes are perpendicular to the 
rotation axis 3 and the trunnion axis 51 of the plate. Since this assembly constitutes a 
universal joint, it is clear that the plate 5 is able to oscillate in all directions around the 
center 6, the point where the trunnion axes 5 1 and 53 meet. 

Furthermore, on the side opposite the piston 1, the plate is equipped with an 
extension 54 that ends in a crank pm 55 whose axis passes through the center of 
oscillation 6 and is perpendicular to the trunnion axes 51 and 53. Preferably, the center of 
gravity of the assembly is placed on the axis 550 of the crank pin. 

the crank pin is connected, through the intermediary of a ball and socket joint 
57, to a wheel 7 centered on the rotation axis 3 and rotationally driven around said axis. 
To liberate the central part of the wheel, it is guided, along its circumference, in the end 
1 0 of the housing 1 , by two tapered roller bearings 71. 

As shown in Figures 4 and 5, the spherical bearing 57 of the crank pin is 
mounted on a sliding nut 72 guided in a guideway 73 in the central part of the wheel 7, 
whose axis passes through the center of the wheel 7 located on the rotation axis 3. 

As mdicated in the aforementioned previous application, the assembly that has 
just been described makes it possible to easily vary the output of the pmnp while it is 
operating, since the pitch of the piston thrust plate 5, and thus its travel, can be adjusted. 

Of course, all mobile parts are balanced, to the extent possible, and, thus, the 
center of gravity of the oscillating plate is normally on the axis 550 of the crank pin. 
Balancing the drive wheel 7 is somewhat more difficult, inasmuch as the piston that 
controls the travel of the sliding nut has a radially variable position. 

Therefore, it may be necessary to take the counterweighting of the wheel itself 
into account. However, the greatest counterweighting clearly comes from the reaction of 
the crank pin on the/drive wheel. Figure 2 schematically illustrates the rotation axis 3, the 
crank pin 55 and its axis 550 passing through the center of oscillation 0, on which the 
center of gravity G of the oscillating plate with a mass M is located. If d is the distance 
OG from the center of gravity to the center of oscillation, the counterweighting from the 
rotation of the oscillating plate is equal to M<i sine A. 
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The balance equations show that the balancing counterweight should be in the 
plane Pc perpendicular to the rotation axis 3, passing through the point of intersection D 
of the axis 3, with the perpendicular to the axis 550 raised from the center of articulation 
of the crank pin 55 on the wheel 7. A turning weight is generally balanced with two 
counterweights traveling in two balancing planes. One of the characteristics of the 
invention consists precisely of using only one balancing plane, by positioning the center 
of gravity G of the oscillating plane such that the dynamic reactions at the center of 
oscillation O are nil. 

We see that, if we use a balancing weight with a value Me, it should be placed in 
the balancing plane and in the plane passing through the axis 3 and the axis 550, at a 
radial distance from the axis 3, such that: 

Mc R< = Md sine A 

It is clear that the counterweighting depends on the pitch A of the oscillating 
plate. Since the balancing weight Me cannot be varied, its position is varied such that the 
radius of turn of the center of gravity is equal to: 
= M h sine A 

"Me 

However, in view of the foregoing, we see that it is also necessary to vary the 
position of the balancing plane Pc, i.e., the distance e between the plane Pc and the plane 
ofthewheel?. 

According to the invention, the variation of the balancing plane is achieved by 
using two balancing weights placed at different radial spacings from the axis 3. 

For greater convenience, each balancing weight is composed of two centrifugal 

weights affixed so as to turn symmetrically around the axis 3 such that their center of 

gravity remains at a constant distance from the axis. In that way, as illustrated in Figure 

3, if we call gi and gi the centers of gravity of the centriftigal weights, with mi and m2 
arc with 

thus describing an/ circle with a radius r around the center of the wheel, we see 

that the two centriftigal weights mi and m2 are equivalent to a single weight with a value 
of 2m placed at a distance R from the center of rotation equal to the projection of r on the 
axis of symmetry. 

Thus, by causing the two centrifugal weights to turn symmetrically aroimd the 
center of the wheel, we can produce a counterweight with a variable value in the plane 
perpendicular to the rotation axis, passing through the centers of gravity of the two 
weights. 

According to one characteristic of the invention, to produce a counterweight not 
only with a variable value, but in a balancing plane with a variable position along the 
axis, we use two counterweights placed on either side of the plane of the wheel, which we 
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caU B and B'. As illustrated in Figure 2, tbe two counterweights B and B' are placed in 
balancing planes P and P', one of which, P, is located between the center of oscillation 0 
and the plane P, of the wheel, and the other, P', on the other side of the plane P, of the 
wheel. The position of the balancing planes P and P' depends on the conditions under 
which the centrifugal weights may be placed on the wheel. However, the plane P' must be 
placed at a distance from the plane P, of the wheel that is greater than the maximum value 
of the distance e between the plane P, of the wheel and the theoretical balancing plane P. 
for the maximum pitch of the oscillating plate. 

By varying the values of the counterweights B and B', it is possible to arrange 
for the resultant to be located in the theoretical balancing plane P«. 

Figures 4, 5, and 6 illustrate, as an example, a device that provides this result. 

We have akeady indicated that the wheel 7 is guided and driven by its 
periphery, which makes it possible to entirely liberate die central part where the sliding 
nut 72 supporting the hinge of die crank pin and the travel cylinder 73 of the sliding nut 

are essentially located. 

The wheel 7 is equipped, in its equatorial plane, with a disc 75 m whose central 
part a radial opening 750 is pierced, widiin which the sliding nut can travel. The guides 
73 of the sliding nut are placed along the sides of the opening 750, parallel to the travel 
axis 720 of the sliding nut. On either side of die baffle 75, tiiere are two pairs of 
centrifugal weights 8 and 8'. Each pair is conqjosed of two centrifugal weights 
symmetrically guided on either side of die axis 720 along circular guideways centered on 
the rotation axis 3. As illustrated in greater detail in Figure 6, each centrifugal weight 8 is 
guided between an inner guideway 76 in the shape of a sector of a circle, which is 
integral wifli die corresponding guideway 73 of the sliding nut, and an outer guideway 77 
affixed to a bead that is integral with the periphery of die wheel 7. Each centrifugal 
weight 8 is equipped with fillets that adapt to the two guideways and rest also on a 
circular bead 741 on the wall 75. Thus, each centrifugal weight may be moved along the 
guideways 77 and 76, with its center of gravity remaining at a constant distance from the 
axis 3 in a plane perpendicular to said axis. 

The circular guideways are placed such that die centrifiigal weights may come 
as close as possible to the axis 720, as illustrated at the right in Figure 5, and may move 
away from said axis until dieir center of gravity comes into die radial plane perpendicular 
to the axis 720, in the position illustrated at die left in Figure 5. Thus, we see that die 
counterweight resulting from die action of die two centrifugal weights varies between a 
nil value and a maximum value. Depending on die shape and mass of die centrifugal 
weights, we may chose die balancing planes P and P' and die maximal values of die 
counterweights. 
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Figure 2 illustrates the planes P and P' in which the counterweights B and B* are 
produced, these are located, respectively, at distances a and b from the plane of the 
wheel in which the counterbalance B^ of the wheel itself may be located. If we take as a 
reference the axis Oz perpendicular to the rotation axis 3, passing through the center of 
articulation of the crank pin, the equation for the projection on the axis Oz gives: 

(3) B' + B-Be + B, 

Be being the balancing counterweight that must be produced in the theoretical plane Pg. 
The equation for the momentum relative to the center 0 gives: 

(4) aB'-bB = eBe 

From this, we derive the values that must be used for the counterweight 
produced by the centrifugal weights: 

(5) B' = (e±blBe±iB, 

a + b 

and: (6) B = Be + B^- B' . 

Furthermore, if we call 1 the distance OC between the center of oscillation and 

the center of the wheel, we may write: 
(7)e = ltg^A 

For any pitch value A of the oscillating plate, the relationship (1) gives Be Mc 
Re = Md sine A. If we determine in advance the distances a and b of the balancing planes 
P and P' relative to the plane of the wheel, relationships 5 and 6 make it possible to 
calculate the outer and inner counterweights B' and B. 

If m and m' are the masses of the balancing centrifugal weights, r and r' the radii 
of turn of the centers of gravity of the centrifugal weights, R and R' the projections on the 
axis 720 of the positions of the centers of the centrifugal weights, and L the pitch relative 
to the axis 720 of the radii passing through the centers of gravity, where: 

B = 2mR = 2mrcosL 
and: B' = 2m' R' = 2m' r' cos L, 

it is easy to deduce from the previously calculated values of the counterweights B and B* 
the angle L as a function of the angle A. 

Then, it is sufficient to develop a mechanical system whereby the angular 
position of the centrifiigal weights is linked to the radial position of the sliding nut 72 
such that the desired value L corresponds to each value of A. Then, there is only die 
problem of choosing a mechanism, which can be determined more or less empirically. 

We have found that the mechanical device illustrated as an exan^le in the 
figures made it possible to achieve this variation in the pitch of the centrifugal weights. 

As illustrated in Figures 4, 5, and 6, for each pair of centrifiigal weights, this 
mechanical device is essentially con^osed of a pair of racks 91, articulated around the 
sliding nut around axes parallel to the rotation axis, running symmetrically along either 
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side of the axis 720. Each rack is affixed, by means of a U bolt 92 that meshes with a 
pinion 93 rotationally mounted on the wall 75 aroxmd an off-center pivot 94. The racks 92 
themselves are rotationally integral with the off-center pivots 93. 

On each pivot 94 is centered a pinion 95 that meshes with a toothed sector that is 
integral with the centrifugal weight 8 and centered on die rotation axis 3. 

Thus, the travel of the sliding nut 72 by means of the cylinder 73 drives, through 
the intermediary of the racks 91, the rotation of the off-center pivots 93 and as a result the 
pivots 95, which in turn control the rotation of the centrifugal weights around the axis 3, 
since their pivots 94 are stationary relative to the wheel. In view of the off-centering of 
the pinions 93 and the gear ratio between the pinions 95 and the sectors 85, we see that 
the travel of the sliding nut, i.e., the variation of the angle A, results in an irregular 
variation in the angle L. 

We see that it is possible to set up equations for everything and, by varying 
certain parameters within the limits allowed by the mechanical constmction 
considerations (dimensions, strength, etc.), we can find, using a con^uter for exan^le, 
the optimal solution for best following the theoretical variation in L as a function of A, 
established as indicated above. 

Of course, to simplify the calculations, it is possible to not take into account the 
counterweighting of the wheel due to the variation in the control piston of the sliding nut, 
and to balance the wheel once and for all. 

Conversely, to achieve the most accurate results, it is possible to take into 
account the counterweighting of the wheel due to the non-colinear motion of the 
universal joint through the intermediary of which the plate is oscillatingly mounted, 
which requires secondary counterweights. However, this effect may be generally 
considered negligible relative to the primary counterweight. 

Furthermore, the mechanical system for varying the angle L as a function of the 
position of the crank pin is provided solely for information and it is possible to imagine 
other systems that are not necessarily mechanical, but rather hydraulic, for example. 
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CLAIMS 

1. Process for balancing a rotary part articulated around a center of oscillation 
and rotationally driven around an axis passing through the center of oscillation through 
the intermediary of a crank pin running along the axis passing through the center of 
gravity of the part and the center of oscillation and connected to a drive wheel turning 
around the rotation axis, through the intermediary of a radially movable articulation on 
the wheel controlling the variation of the pitch of the axis of the crank pin relative to the 
rotation axis, wherein, placed on the drive wheel, are two radially movable balancing 
weights whose centers of gravity are placed on the side of the axis of the crank pin 
opposite from the rotation axis, in the plan passing through said axes, and wherein the 
different radial spacings of the two balancing weights are determined by the pitch of the 
axis of the crank pin relative to the rotation axis, such that the resultant of the centrifugal 
forces exerted by the two weights constitutes a counterweight with variable intensity and 
position, capable of balancing the counterweighting exerted by the turning part for every 
possible pitch. 

2. Balancing process according to Claim 1, wherein the position of the centers of 
gravity of the balancing weights is adjusted for every possible pitch of the crank pin axis, 
such that the resultant of the centrifrigal forces exerted on the two weights passes through 
the point of intersection with the rotation axis of the perpendicular to the axis of the crank 
pin passing through the center of articulation of the crank pin on the wheel. 

3. Device for balancing an articulated part around a center of oscillation bearing 
a crank pin centered on the axis passing through the center of gravity of the part and 
through the center of oscillation, said part articulating on a wheel driven rotationally 
around an axis passing through the center of oscillation and equipped with a means of 
varying the pitch of the part relative to the rotation axis by radial motion of the 
articulation of the crank pin on the drive wheel, wherein said device conq)rises two 
balancing weights rotationally integrated with the drive wheel, whose centers of gravity 
are placed on the side of the crank pin opposite the rotation axis in the plane passing 
through said axes, at different distances from the center of oscillation, and a means of 
controlling different radial spacings of the centers of gravity of the two weights from the 
rotation axis depending on the pitch of the axis. 

4. Device for balancing an articulated part according to Claim 3, wherein each 
balancing weight is composed of two centriftigal weights rotationally integral with the 
drive wheel, whose centers of gravity are symmetrically movable by rotating around the 
rotation axis of a wheel on either side of the plane passing through the rotation axis and 
the axis of the crank pin, and wherein the means of controlling the radial spacings of the 
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balancing weights determines, for each balancing weight, the symmetrical rotations of the 
corresponding centrifugal weights around the rotation axis 

5. Device for balancing an articulated part according to Claim 4, in which the 
articulation of the crank pin is mounted on a part that is radially slidable on the wheel, 
wherein the means of controlling the radial spacings of the center of gravity of each 
balancing weight comprises, for each centrifugal weight, a rack pivotably mounted on the 
slidable part that [words uninteUigible due to typographical errors] with a first toothed 
pinion turning around an off-center axis on which a second pinion is centered and 
affixed, meshing with a toothed sector on the centrifugal weight and centered on the. 
rotation axis, each centrifugal weight being guided along a circular guideway on the 
wheel and centered on the rotation axis. 



[see original for Figures 1-6] 



